A new comer in the field of infection-associated lymphoma is the ocular adnexal lymphoma (OAL), which has been reported to be associated with Chlamydia psittaci (Cp) ocular infection in around 20% of the more than 400 OAL biopsy samples analysed until now [6, 7] . It has been proposed that Cp may play in OAL development the causal role that Hp plays in gastric MALT lymphoma, as a source of local chronic and sustained antigen-driven lymphoproliferation. In line with this hypothesis, antimicrobial therapy known to be active 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w   4 against Cp has been shown to be associated with OAL remission. However, an "antitumoral" efficacy of antimicrobial therapy has also been observed in Cp-negative OAL patients [8] [9] [10] , thereby suggesting a possible association of other microbial agents and/or extra-ocular infection with OAL. We therefore investigated the possible association between gastric Hp infection and OAL . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
PATIENTS AND METHODS

Patient selection and characteristics
Three cohorts of patients were investigated for Hp infection, a first one of 83 consecutive primary OAL cases, a second one of 101 consecutive non randomly chosen extraophthalmologic extra-gastric lymphoma patients, all treated at a single centre, the Institut Curie, during the same time frame (1970 to 2007) and whom initial staging included gastroscopy with systematic biopsy performed at the Institut Curie, and a third one of 156 individuals who underwent gastroscopy performed at the Institut Mutualiste Montsouris during the same period for digestive symptoms or anemia without evidence of malignant lymphoma and be used as a control population (control). Staging of the disease included laboratory work-up, CT scan or chest radiography plus abdominal ultrasound scan, and, in most cases, bone marrow biopsy, and the disease at diagnosis was defined according to the Ann Arbor staging system [11] . Apart from the existence of an initial ophthalmologic or extra-ophthalmologic extra-gastric lymphoma, no selection was performed. Patients with classical pathological features associated with gastric Hp infection, such as gastric malignant lymphoma or ulcer or cancer, were excluded from each of these groups. In concordance with national practices, no ethics committee was required for this retrospectice study; similarly, no written consent given by the patients were required.
Initial characteristics of the overall lymphoma patients' populations are presented in among extra-ophthalmologic extra-gastric NHL patients (25% and 53% respectively). For the 83 OAL patients, the site of the ophthalmologic lymphomatous disease was the conjunctiva in 36 patients (43%), intra-orbital in 32 patients (33%), the lachrymal gland in 10 patients (12%), and palpebral in 4 cases (5%). Bilateral ophthalmologic involvement was observed in 10 patients (12%). The 5-year disease-free survival was 66% and 62% for the OAL and the extra-ophthalmologic lymphoma patients, respectively. The 5-year overall survival was 84%
and 77% for the OAL and the extra-ophthalmologic lymphoma patients, respectively.
Detection of gastric and ophthalmologic Hp infection
Histopathological diagnosis of Hp infection was determined using H&E and methyl blue coloration. Hp-specific PCR analysis was performed with total DNA obtained from gastric biopsy samples. Total DNA extraction was performed as previously described [13] .
Briefly, total DNA was extracted from four 15 µm-thick tissue sections from AFA (acetic acid, formalin, ethylic alcohol)-fixed tissue samples obtained at the time of diagnosis, using the QIA amp DNA mini kit (Qiagen, Courtaboeuf, France) and quantified. DNA was stored at -20°C until use. All samples were tested for DNA integrity by PCR using primers amplifying the human GAPDH gene. All samples gave a positive GAPDH signal indicating good DNA preservation in all samples. The quantity and purity of extracted DNA were assessed by measuring the absorbance at 230, 260, and 280 nm using a NanoDrop ND 1000 spectrophotometer (Wilmington, USA). TaqMan PCR was performed to amplify fragments of the 16S rRNA gene of Hp, as previously described [14] . 
Statistical Analysis of HP infection detection
Correlations between Hp infection, histopathological, clinical, and biological characteristics of ophthalmologic and extra-ophthalmologic lymphoma patients, as well as correlation between histopathological and PCR analyses of Hp infection were determined using the Chi-square test. Disease-free survival (DFS) was defined from the date of diagnosis to the date of first relapse or death (all causes of death). Overall survival (OS) was defined from the date of diagnosis to the date of death or the date of last follow-up. Survival curves were drawn using the , and the level of significance between various outcomes evaluated using a log-rank test. 
RESULTS
Detection of gastric Hp infection
The detection of gastric Hp infection was first performed by histopathological analysis for all 156 controls and 119 lymphoma patients, including 51 with OAL, among whom 41 were MALT/LPL OAL, and 68 with extra-ophthalmologic lymphoma. The detection of gastric Hp infection was also performed by PCR analysis in all 156 controls and ophthalmologic and non-ophthalmologic lymphoma patients (184 cases). Sixty-five cases had exclusive PCR analysis because of the lack of availability of paraffin embedded gastric tissue at the time of the histopathological analysis. As shown in Table 2 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Among the 8 OAL patients for whom PCR analysis could be performed on the ophthalmologic lymphoma tissue sample, no Hp infection was detected. albumin level lower than 40 g/L were more frequently associated with Hp gastric infection in both studied populations. In particular, the median age of the three studied populations according to Hp status and methodologies were not different. For OAL patients, a bilateral ophthalmologic involvement and a specific ophthalmologic site involvement (intra-orbital, conjunctiva, palpebral, and lachrymal gland) were not associated with a higher rate of gastric Hp infection. Moreover, on the overall lymphoma patients' population, the 4 subgroups of patients defined by their International Prognostic Index (IPI) score were not significantly different in their proportion of gastric Hp infection. However, when the IPI score was reclassified in 2 groups (0-1-2 vs 3-4-5), a higher proportion of gastric Hp infection was detected in the high IPI score group, namely 31% of cases with an IPI score lower than 3 and 51% of patients with an IPI score of 3 or more (p = 0.02). Nevertheless, this was not observed in the three subpopulations of OAL patients, MALT/LPL OAL cases, and extra- Ferreri et al. [8] , but in contradiction with the recent report by Lee et al [21] . This is also supported by the fact that at least a third of OAL patients exhibit extraophthalmologic lymphoma localization at initial diagnosis, with lymph node involvement in about 15% to 20% of cases [22, 23] , bone marrow involvement in about 10% of patients [23] , and multi-organ involvement ranging between 13% to 46% [22] [23] [24] . Third, circulating lymphomatous cells would be attracted to the ophthalmic mucosa, and may evolve to overt lymphoma, under the influence of additional mitogenic stimuli. In this view, it is of particular interest to note that OAL frequently occur in the course of ocular chronic inflammation or autoimmune diseases [8, 25] . These local ocular conditions may indeed lead to the local production of cytokines exerting a chemotactic effect on circulating lymphomatous cells 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w 14 induced gastric lymphoid cells to the inflamed ophthalmic mucosa is also supported by the observation that bilateral ophthalmologic involvement is frequently observed at the diagnosis of OAL (12% in our series) [26] and that a high rate of patients with bilateral and/or more than one MALT site involvement (i.e. 48% of cases) have been reported [9] . In line with this scenario, it is striking to note that blepharitis as also been strongly associated with gastric Hp infection (90% as detected by 13C-urea breath test in a large cohort of patients) [27] .
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